Correlation between cytosolic free Ca2+ and aldosterone production in bovine adrenal glomerulosa cells. Evidence for a difference in the mode of action of angiotensin II and potassium.
Quantitative changes in cytosolic free calcium [( Ca2+]i), membrane potential, and aldosterone production in response to angiotensin II and extracellular potassium were measured in intact bovine adrenal glomerulosa cells loaded with the fluorescent calcium indicator quin 2. Angiotensin II (10(-9) M) induced a rapid rise in [Ca2+]i from 124 +/- 26 nM to 204 +/- 63 nM (n = 7), which was followed by steroid production, as measured in dynamic studies with superfused adrenal cells, and by slower changes in membrane potential, as assessed with the fluorescent probe 3,3'-dipropylthiadicarbocyanine. Both [Ca2+]i rises and functional response were blocked by the antagonist analogue [Sar1,Ala8]angiotensin II in a dose-dependent manner. Potassium (3-10 mM) provoked dose-dependent increases in [Ca2+]i, with ED50 of 6.5 mM, associated with rapid changes in membrane potential, a response superimposable upon the dose-related aldosterone production induced by potassium in static incubations of quin 2-loaded glomerulosa cells (ED50 = 6.8 mM). Verapamil (2 X 10(-5) M) and nifedipine (10(-7)-10(-6) M) decreased resting [Ca2+]i and blocked entirely the rise in [Ca2+]i induced by potassium, but did not suppress the [Ca2+]i rises induced by angiotensin II. These findings indicate that two important physiological regulators of aldosterone secretion, extracellular potassium, by the opening of voltage-dependent calcium channels, and angiotensin II, by a receptor-mediated mechanism, induce rapid rises in cytosolic free calcium, which precede, and presumably trigger the steroidogenic response.